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(54) DEVICE FOR SUPPRESSING KNOCKING OF FOUR CYCLE ENGINE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To operate an engine at a better thermal 
efficiency by ensuring that knocking is suppressed. 
SOLUTION: A device for suppressing the knocking of a 4-cycle 
engine, having a valve opening/closing timing changing means for 
making the timing of opening and closing of a suction valve 8 and/or 
an exhaust valve 9 variable relative to the phase of a crankshaft, and 
provided with a knock sensor for detecting knocking, subjects the 
timing of opening and closing of the valve to feedback control to retard 
or advance it depending on whether or not knocking takes place. The 
device may also subject ignition timing to feedback control to retard or 
advance it depending on whether or not knocking takes place. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the knocking suppression equipment of the 
four stroke cycle engine it is made to make generating of knocking suppress in a four stroke cycle engine. 

[0002] 

[Description of the Prior Art] There are some which are shown by JP,6- 129271, A in the above-mentioned knocking 
suppression (suppression) equipment conventionally. 

[0003] According to this, in the engine with which the control unit of the inlet- valve opening-and-closing stage 
adjustable mechanism which makes adjustable opening-and-closing valve timing of an inlet valve, and the inlet- valve 
opening-and-closing stage adjustable mechanism in which the map was connected, the engine speed sensor which 
detects the rotational frequency of an engine, and the air-flow sensor which detects an inhalation air content were 
formed, knocking has become suppressed by carrying out angle-of-delay control of the valve-closing stage according 
to an inlet-valve opening-and-closing stage adjustable mechanism. 

[0004] And in carrying out angle-of-delay control of the inlet-valve valve-closing time, the amount of angles of delay 
is constituted so that it may determine based on the map assigned to the engine speed and the mean effective pressure. 
That is, a control unit reads an engine speed and throttle opening, or the amount of angles of delay according to the 
output of an air flow meter from a map, and there is angle-of-delay control that an adjustable mechanism is controlled. 
[0005] Moreover, as a result of being able to choose the optimal opening-and-closing valve timing by controlling 
inhalation-of-air valve-closing time based on the amount map of angles of delay, it is [ that it is not necessary to delay 
ignition timing in order to suppress knocking, and ]. 
[0006] 

[Problem(s) to be Solved by the Invention] However, there was a limit also in raising the output and mpg of an engine 
in controlling opening-and-closing valve timing according to the map prepared beforehand, as mentioned above. When 
it takes mass-production nature into consideration, dispersion in the compression ratio for every cylinder should surely 
exist also the individual differences for every engine, and in one engine, Moreover, the compression ratios which 
knocking generates with the character of fiiel, and the inhalation air temperature and density to be used differ [ that 
there is with-time change of the compression ratio by carbon accumulating on a combustion chamber etc. when 
practicality is taken into consideration, or ], It is because it needed to be set as the amount field of angles of delay 
which an inlet-valve opening-and-closing stage has a margin, and knocking does not generate according to which 
situation. 

[0007] therefore, it mentioned above - in the range of a Prior art, since it is necessary to set the opening-and-closing 
valve timing of an inlet valve as the amount field of angles of delay which knocking does not generate with a margin, 
there is a limit also in raising the output and mpg of an engine 

[0008] It was made paying attention to the above situations, generating of knocking is suppressed more certainly, and 
this invention is in the state of better thermal efficiency, and makes it a technical problem to be able to be made to 
perform operation of an engine. 
[0009] 

[Means for Solving the Problem] The knocking suppression equipment of the four stroke cycle engine of this invention 
for solving the above-mentioned technical problem is as following. 

[0010] It sets to the knocking suppression equipment of the four stroke cycle engine which formed the knock sensor 27 
which equips the valve timing adjustable means 20 which makes adjustable an inlet valve 8 and/, or opening-and- 
closing valve timing of an exhaust valve 9 to the phase of a crankshaft, and detects a knocking generating situation, 
and invention of a claim 1 is [001 1]. a knocking generating situation - responding ~ opening-and-closing valve timing 
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Itheanglecf delay-- oritis^adetocarryou,^^^^^^ 



carried out 



engine carried in vehicles, s»>h as an '-''"""^"X* f ^'SSt a piston 4 is inserted in a hole 3 free [ sliding ], 

We«!S^ti« of - - "-i^ 'o " above-mentioned combustion chamber 7 by the compression 

[?Soi In the following working stroke, the above-mentioned inhalation of air is lit and b»ned with an ignition plug 
rM2n An exhaust valve 9 is made to carry out valve-opening operation by the above-mentioned ='*aus'f '^^^^aft 

^^^^^^^^^^ 
^^^^^^^^^ 

SSErpTdt^fsibot-:— 

TeTotat 0^1 frTqu^^^^^^ aboie-mentioned engine 1, the throttle opening sensor 26 which detects the load of an 
InyH byil^^^^^ of a throttle valve, and the knock sensor 27 which detects knocking generating 

sSfons (frequency intensity, etc.) are electrically connected to this control unit 24, respectively. 
oSl ?Sve-^^^^^ unit 24 has the angle of delay, the amount calculation means of tooth-lead-angle 

^eninSt^^Inlents, and the knock on-the-strength judging means for an engine-speed calculation means, a 
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throttle ooening calculation means, the amount calculation means of ignition-timing amendments the amount 

a tottl™ penmg calculation means, an ignition plug 17 is -nn^<?i. -7 "rSed": t 

roiSltutra^So^fpSo'ir conttolled by map .hich i. is a. fl,e engine 1 ope^tion-time. a^d 
STd* not g^erate in L engi;>e 1 in a complete diagram and which the ^^-'-'^''''^''^JT^^X. ^:^^' 
STaTfor the above-mentioned inlet-valve adjustable means 21 and the exhaust valve adjustable means 22 the mlet 
^L s md fte exhaust valve 9 have fixed the valve-opening periods AandB, respectively - each openmg-and- 
clttog Tl.A^t~Z angle of delay - toofh-lead-angle control is carried out and, thereby, mrprovement m an 

K SI'^ZcmS g^Sng situation detected by the above-mentioned knock sensor 27 on the other hand - 
SdlTs - t^e ^or-mTntioned valve timing adjustable means 20 - the opening-and-cl<»mg valve tmnng of an 
SSTvdve 8 0*1 eZ" valve 9 - the angle If delay - or feedback control is carried out by the above-mentioned 

control unit 24 so that a tooth lead angle may be carried out , i ■ . v i • 

P7] bTthe way, in said Prior art, when the inlet-valve adjustable means which makes adjustable opemng-^d- 
Ei valve ti Jig of this inlet valve is established with the valve-opening penod of an mle valve fixed and 
tooSroccm^Uhe time of the low-speed heavy load of the above-mentioned engme, angle-of-delay control of the 
a^dS vaC^^^ of the'above-mentioned inlet valve is carried out by the above-mentioned mlet-valve 

rS] td'rc^angi^^^^^^ control of the opening-and-closing valve timing of an inlet valve is canned out by ^ 
nlet-vahTe adjusta^^^ means when knocking occurs at the time of the low-speed heavy load of an engme ^ descnbed 
^ove the Sn^^ valve timin| of an inlet valve will be overdue by the charging stroke For this reason. 

tTvi om^^^^^ valve timing of this inlet valve and the opemng-and-closmg valve timing 

^theSusrvateh^^ 

dapp^ iufsuppressed by the 1st that the exhaust air like this exhaust air line mixes m the irAalation of air m tiie 
ab^e menLne^ charging stroke, and, therefore, being heated by the high temperature which exhaust air of this 

moSi Molt^^^^^^^^ the substantial compression period in the part which is in the opening-and- 

^Ssy^'rx^^B of an inlet valve! and the compression stroke which follows this charging stroke becomes short, 
anH therefore the comnression ratio of inhalation of air is reduced by the 2nd. , , . , ^ i,- u 

exhaust air has, generating of subsequent knocking is suppressed by a compression ratio being reduced 

mos n howeve;, although generating of knocking at the time of a low-speed heavy load is suppressed, the above- 

Soned Prior art is enough as it, when it is not taken into consideration about knockmg generated m the time of a 

Wg^eed hea^^^^^^ but tiie full speed range of an engine is covered in the ^~'^'-f^^^^^^^ 

of knocking is therefore made to suppress more certainly - coming out - there is nothing and the room of an 

top^ovS if^^^^^ behind Then, in order to cancel above-mentioned un-arranging, it is constituted especially as 

r0032l'angle-of-delay control E Ttiat is, it is at the above-mentioned engine 1 operation-time, and while it had set the 
vaJve oSg pSod A constant as the alternate long and short dash line in drawing 1 showed the above-mentioned 
Set vX^S byTe M^^^^^ adjustable means 21 by which feedback control is carried out witii the above-mentioned 
conloS2^^^^^^ knocking occurred at the time of the low-speed heavy load, opemng-and-closmg valve tmmig is 

foW3] tooVlead-angle control H On the other hand, while it had set the valve-opening period ^ constant as the two- 
dot chJn 1 ne in teingl showed the above-mentioned inlet valve 8 by the inlet-valve adjustabk means 21 by which 
feedback controlT^^out with the above-mentioned control unit 24 when knocking occurred at the time of the 
high-speed heavy load of the above-mentioned engine 1, opening-and-closing ^/ve timing is earned out 
[0034] It explains in detail about each feedback control by the above-mentioned control unit 24. In addition, although - 
(P-8) which carries out the following (P-1) does not illustrate, each step ofa program IS shown. 
[0035] It is supposed that the start of the knocking suppression routine of (P-1) interrupts the control of the control umt 
24 at the time ofoperation usually which the engine 1 described above. • j 

[0036] As drawing 1 shows, when the detecting signal detected by the knock sensor 27 exceeds the predetermmed 
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knock judging level C, it is judged by the aforementioned knock on-the-strength judging means that knock intensity is 
large, and it is the knock on-the-strength judging signal Nn. It is outputted (P-2) 

[0037] Next, while an engine speed is detected by the engine speed sensor 25 and an engme speed is computed by the 
engine-speed calculation means (P-3), it is judged whether there are few these engme speeds than a predetermmed 

rOOSSlAhhough it is judged that there are few above-mentioned engine speeds than a predetermined value and not 
being illustrated above (P-4), if it is judged by the detecting signal of Ae throttle opemng sensor 26 that it isa heavy 
load; it will be got blocked, and if it is judged that it is an engine 1 at the low-speed heavy load time, (P-5) will be 

mOsTm^tiie above (P-5), at the time of judgment by the above (P-4), it is detected [ the angle of delay or ] by the 
Met-valve adjustable means 21 by the phase detection means whether a tooth lead angle is earned out, it is got blocked 
from the reference value D with the opening-and-closing valve timing of an inlet valve 8, i.e., the basic phase shown 
by drawings , how much, by it, and the phase of the inlet-valve adjustable means 21 is detected at it. Next, it is 
computed by the amount calculation means of amendments which the amount of amendments of the phase of the 
above-mentioned inlet-valve adjustable means 21 described above in order to obtain the amount of angles of delay 
which should be set up on the basis of the above-mentioned basic phase D at the time of the low-speed heavy load ot 
the above-mentioned engine 1 . , , • , rxi. u 

[0040] The phase of the inlet-valve adjustable means 21 is made to amend by the calculation value of the above- 
mentioned amount of amendments by the above (P-5) (P-6). , . , . ,XT1 *!, 
[00411 When drawing 1 and 3 explain this concretely, it is knock on-the-strength judgmg signal Nl -3 by the 
aforementioned knock on-the-strength judging means. It is angle-of-delay control El -3 one after another so that the 
opening-and-closing valve timing of the above-mentioned inlet valve 8 may carry out the angle of delay more by Jt 
inlet-v5ve adjustable means 21 according to this, when outputted one after another. It carries out. It is the angle-of- 
delay control E4 so that the angle of delay may be decrease of the specified quantity earned out m this angle-of-delay 
control E by the above-mentioned amount calculation means of amendments, if the knock on-the-strength judging 
signal N will not do predetenninedperiodFgeneratingof.lt is carried out. 

[0042] And since opening-and-closing valve timing of an inlet valve 8 is angle-of-delay control E Camed out by the 
mlet-valve adjustable means 21 when knocking occurs at the time of the low-speed heavy load of an engine 1 as 
described above, the opening-and-closing valve timing of an inlet valve 8 will be overdue by the charging stroke. The 
overiap period G of the opening-and-closing valve timing of this inlet valve 8 and the openmg-and-closing valve 
timing of the exhaust valve 9 like the exhaust air line preceded at the above-mentioned charging stroke short to the 1st 
for this reason, from a bird clapper It is suppressed that the exhaust air like this exhaust air line mixes m the irj^alation 
of air in the above-mentioned charging stroke, and it is suppressed that this inhalation of air is therefore heated by the 
high temperature which exhaust airhas ("1st operation"). . • , a 

[0043] Moreover, as described above, the substantial compression period in the part which is in the openmg-and- 
closing valve timing of an inlet valve 8, and the compression stroke which follows this ch^gmg stroke becomes short, 
and therefore, the compression ratio of inhalation of air is reduced by the 2nd ("2nd operation"). 
[0044] That is, as described above, while it is suppressed that inhalation of air is heated by the high temperature which 
exhaust air has, generating of subsequent knocking is suppressed by a compression ratio being reduced. 
[0045] Although not illustrated, if it is judged above (P-4) on the other hand that the engme speed is over a 
predetennined value, and it is judged by the detecting signal of the throttle opening sensor 26 ttiat it is a heavy load, it 
will be got blocked, and if it is judged that it is an engine 1 at the high-speed heavy load time, (P-8) will be perfonned^ 
[0046] In the above (P-8), the phase of the inlet-valve adjustable means 21 is detected the same with having performed 
above (P-5) at the time of judgment by the above (P-4). Next, in order to obtain the amount of tooth lead angles which 
should be set up on the basis of the above-mentioned basic phase D at the time of the high-speed heavy load of the 
above-mentioned engine 1, the amount of amendments of the phase of the above-mentioned mlet-valve adjustable 
means 2 1 is computed by the aforementioned amount calculation means of amendments. 
[0047] The phase of the inlet-valve adjustable means 21 is made to amend by the calculation value of the above- 
mentioned amount of amendments by the above (P-8) (P-6). 

[0048] When drawing 1 and 3 explain this concretely, it is knock on-the-strength judging signal Nl -3 by the 
aforementioned knock on-the-strength judging means. It is tooth-lead-angle control HI -3 one after another so that the 
opening-and-closing valve timing of the above-mentioned inlet valve 8 may carry out a tooth lead angle more by the 
inlet-valve adjustable means 21 according to this, when outputted one after another. It canies out. It is the tooth-lead- 
angle control H4 so that a tooth lead angle may be decrease of the specified quantity earned out m this tooth-lead-angle 
control H by the above-mentioned amount calculation means of amendments, if the knock on-the-strength judgmg 
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signal N will not do predetermined period F generating of. It is carried out. 

[0049] And since opening-and-closing valve timing of an inlet valve 8 is tooth-lead-angle control H Carried out by the 
inlet-valve adjustable means 21 when knocking occurs at the time of the high-speed heavy load of an engine 1 as 
described above, the part and the inertia effect that the opening-and-closing valve timing of an inlet valve 8 becomes 
early by the charging stroke decrease, consequently the amount of inhalation of air decreases ("3rd operation"). 
[0050] That is, as described above, while the rate of exhaust air mixing increases, generating of subsequent knocking is 
suppressed because the amount of inhalation of air decreases. 

[0051] In addition, the reason it was made to make the angle-of-delay control E or the tooth-lead-angle control H 
choose the opening-and-closing valve timing of an inlet valve 8 at the time of the low-speed heavy load of the above- 
mentioned engine 1 and a high-speed heavy load is as following. That is, it is because the above "the 3rd operation" 
will be notably obtained at each speed with said "the 1st and 2nd operation", respectively if the angle-of-delay control 
E or the tooth-lead-angle control H is made to choose at each speed, as described above, since the inertia effect of 
inhalation of air is greatly different in the time of the low speed of an engine 1 , and high speed. 
[0052] And the foil speed range of an engine 1 is covered, and generating of knocking is more certainly suppressed by 
the above "the 1st - the 3rd operation." 

[0053] tooth-lead-angle control I Moreover, in drawing 1 , the angle-of-delay control E or when it is tooth-lead-angle 
control H Carried out, as the above-mentioned exhaust valve 9 indicates anyway that the opening-and-closing valve 
timing of the above-mentioned inlet valve 8 described above with the aforementioned control unit 24 by the drawing 1 
destructive line by the above-mentioned exhaust valve adjustable means 22, the opening-and-closing valve timing is 
carried out. 

[0054] For this reason, at the time of the low-speed heavy load of an engine 1, it is suppressed more certainly [ that the 
part and the above-mentioned overlap period G when the opening-and-closing valve timing of an exhaust valve 9 
becomes early become still shorter, and said the "1st operation" arises, namely inhalation of air is heated by exhaust 
air ], and generating of knocking is suppressed more. 

[0055] Moreover, in the time of the high-speed heavy load of an engine 1, as described above, the overlap period G 
when opening-and-closing valve timing of an exhaust valve 9 was lengthened by the tooth-lead-angle control H of the 
opening-and-closing valve timing of a part and the aforementioned inlet valve 8 which becomes early is shortened. 
[0056] Here, if the above-mentioned overlap period G is too long, an inhalation operation becomes excessive and it is 
volumetric-efficiency etav. There is a possibility of becoming high too much and this becomes the cause of generating 
knocking. 

[0057] Then, by tooth-lead-angle control I Carrying out opening-and-closing valve timing of an exhaust valve 9, as 
described above, the above-mentioned overlap period G prevented the bird clapper too much long, and, for this reason, 
it is volumetric-efficiency etav. Becoming high too much is prevented, the amount of inhalation of air is suppressed, it 
has and generating of knocking is suppressed more certainly. 

[0058] In addition, it becomes the inclination for the overlap period G to become short if it is made G**I or G<I in the 
above-mentioned case, and is volumetric-efficiency etav. It becomes lower and generating of knocking is suppressed 
more. 

[0059] If it exceeds a certain upper limit level the knock intensity of a knocking generating situation was remembered 
to be in the control unit 24 in opening-and-closing valve timing the angle of delay or in order to have carried out 
feedback control so that a tooth lead angle may be carried out according to a knocking generating situation as described 
above, the knock on-the-strength judging signal N will be outputted, and an angle-of-delay control signal will be sent 
to the valve timing adjustable means 20 that the angle of delay of the opening-and-closing valve timing should be 
carried out. 

[0060] The angle of delay of the opening-and-closing valve timing is actually carried out, and if less than a certain 
minimum level knock intensity was remembered to be in the control unit 24, the knock on-the-strength judging signal 
N will stop, and a tooth-lead-angle control signal is sent to the valve timing adjustable means 20 that the tooth lead 
angle of the opening-and-closing valve timing should be carried out. 

[0061] If it is set as the value which repeated and performed this tooth lead angle and angle-of-delay control 
repeatedly, carried out feedback control, and approached minimum level on the above at this time, opening-and-closing 
valve timing will continue being controlled to converge on the state of obtaining the greatest amount of air suction 
systems and greatest compression ratio which do not cause knocking. That is, it is possible to continue operating an 
engine 1 in the state of best thermal efficiency. 

[0062] And according to this method, even when there are individual differences, such as a compression ratio, with a 

mass-production engine, the best opening-and-closing valve timing in the individual can be obtained. 

[0063] moreover, the above-mentioned composition - setting ~ the generating situation of knocking - responding - 
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ignition timing - the angle of delay - or it has been made to carry out feedback control so that a tooth lead angle may 
be carried out 

[0064] When knocking of the intensity exceeding a certain upper limit level tends to be detected here, for example and 
angle-of-delay control of the opening-and-closing valve timing tends to be carried out, before completing angle-of- 
delay operation of opening-and-closing valve timing depending on the valve-opening working angle of each bulbs 8 
and 9, it is possible that a valve starts a lift, 

[0065] Then, in the cycle, it is possible to produce knocking again with ignition timing as it is. 

[0066] Then, when above, generating of knocking can be inhibited by carrying out angle-of-delay control of the 

ignition timing. 

[0067] Moreover, in a multiple cylinder engine, the knocking generating situation for every cylinder is not necessarily 
the same by dispersion in a component part. Therefore, opening-and-closing valve timing can operate an engine in the 
state of best thermal efficiency by carrying out feedback control in the tooth lead angle below the level which has 
knocking in general, and the angle-of-delay range, and carrying out feedback control of the ignition timing further 
according to the knocking situation of the corresponding cylinder in every cylinder. 

[0068] In addition, although the above is based on the example of illustration, if it shall judge that it is a heavy load 
only when knocking occurs, there may be neither the above-mentioned throttle opening sensor 26 nor a throttle 
opening calculation means. Moreover, although it tooth- lead-angle control I Was made to carry out opening-and- 
closing valve timing of an exhaust valve 9 based on generating of knocking, this does not need to carry out. 
[0069] 

[Effect of the Invention] The effect by this invention is as following. 

[0070] It sets to the knocking suppression equipment of the four stroke cycle engine which prepared the knock sensor 
which equips the valve timing adjustable means which makes adjustable an inlet valve and/, or opening-and-closing 
valve timing of an exhaust valve to the phase of a crankshaft, and detects a knocking generating situation, and 
invention of a claim 1 is [0071]. a knocking generating situation — responding - opening-and-closing valve timing ~ 
the angle of delay - or it has been made to carry out feedback control so that a tooth lead angle may be carried out 
[0072] For this reason, if the knock intensity of a knocking generating situation, for example, exceeds a certain upper 
limit level memorized in the control unit, a knock on-the-strength judging signal will be outputted, and an angle-of- 
delay control signal will be sent to a valve timing adjustable means that the angle of delay of the opening-and-closing 
valve timing should be carried out. 

[0073] The angle of delay of the opening-and-closing valve timing is actually carried out, and if less than a certain 
minimum level knock intensity was remembered to be in the control unit, a knock on-the-strength judging signal will 
stop, and a tooth-lead-angle control signal is sent to a valve timing adjustable means that the tooth lead angle of the 
opening-and-closing valve timing should be carried out. 

[0074] If it is set as the value which repeated and performed this tooth lead angle and angle-of-delay control 
repeatedly, carried out feedback control, and approached minimum level on the above at this time, opening-and-closing 
valve timing will continue being controlled to converge on the state of obtaining the greatest amount of air suction 
systems and greatest compression ratio which do not cause knocking. That is, it is possible to continue operating an 
engine in the state of best thermal efficiency. 

[0075] And according to this method, even when there are individual differences, such as a compression ratio, with a 
mass-production engine, the best opening-and-closing valve timing in the individual can be obtained. 
[0076] invention of a claim 2 — the generating situation of knocking — responding — ignition timing — the angle of 
delay - or it has been made to carry out feedback control so that a tooth lead angle may be carried out 
[0077] When knocking of the intensity exceeding a certain upper limit level tends to be detected here, for example and 
angle-of-delay control of the opening-and-closing valve timing tends to be carried out, before completing angle-of- 
delay operation of opening-and-closing valve timing depending on the valve-opening working angle of each bulb, it is 
possible that a valve starts a lift. 

[0078] Then, in the cycle, it is possible to produce knocking again with ignition timing as it is. 

[0079] Then, when above, generating of knocking can be inhibited by carrying out angle-of-delay control of the 

ignition timing. 

[0080] Moreover, in a multiple cylinder engine, the knocking generating situation for every cylinder is not necessarily 
the same by dispersion in a component part. Therefore, opening-and-closing valve timing can operate an engine in the 
state of best thermal efficiency by carrying out feedback control in the tooth lead angle below the level which has 
knocking in general, and the angle-of-delay range, and carrying out feedback control of the ignition timing fiirther 
according to the knocking situation of the corresponding cylinder in every cylinder. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A knocking generating situation is embraced in the knocking suppression equipment of the four stroke cycle 
engine which prepared the knock sensor which equips the valve timing adjustable means which makes adjustable an 
inlet valve and/, or opening-and-closing valve timing of an exhaust valve to the phase of a crankshaft, and detects a 
knocking generating situation, and they are the angle of delay or knocking suppression equipment of a four stroke 
cycle engine which was made to carry out feedback control so that a tooth lead angle might be carried out about 
opening-and-closing valve timing. 

[Claim 2] The generating situation of knocking is embraced and they are the angle of delay or knocking suppression 
equipment of a four stroke cycle engine according to claim 1 which was made to carry out feedback control so that a 
tooth lead angle might be carried out about ignition timing. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the relation of the distance of a four cycle, ** and operation of an exhaust valve, a 
knock sensor appearance signal, and a knock on-the-strength judging signal with time. 
[Drawing 2] It is the flat-surface fragmentary sectional view of an engine. 

[Drawing 3] It is drawing showing the opening-and-closing valve timing of an inlet valve with time. 
[Description of Notations] 
1 Engine 

8 Inlet Valve 

9 Exhaust Valve 

20 Valve Timing Adjustable Means 

21 Inlet- Valve Adjustable Means 

22 Exhaust Valve Adjustable Means 

24 Control Unit 

25 Engine Speed Sensor 

26 Throttle Opening Sensor 

27 Knock Sensor 

A Valve-opening period 
B Valve-opening period 
E Angle-of-delay control 
G Overlap period 
H Tooth-lead-angle control 
I Tooth-lead-angle control 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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nmm 1 ] mM^:^^zsy'h l < mm^(Dmm^ 

itmn-t^^oy^'-'\^^^y^mm'r^<kz)^zLrz4'^ 
^ b fzMim. 1 \z%m.<n 4 -tf < ^ ;i/x > V ><D y 

[0 0 0 1 ] 

y\z^\^^x. J v^y^^o^^^nU'^^^^'D\z-^^ 
^ )vy^yyy(D J y^y^^m±j&mzwt^^<T^ 

[0 0 0 2 ] 20 

mk. mfm-^ -12927 \wixmr^^^n^^(Dt^ 
[0 0 0 3] z.n\zxn\^. mm.^(DmM^nm^'^^ 

mM^wmw^wmm<onyvu'-)\,zL-vvt,. x> 

i^>(7)[Hi*^ic^^mt-'5x>>>^>[pi*^fc-ir>itch. m.x 

^mfi tli T -5 X T - :7 D ---t >lt b n;^c X > 

iyy\z^\^^x. ^jL%i^'^mnm'^w&m\z^'om^nm 
[0 0 0 4] ^vx. ®^#ES#p#ffi^a^iaif-r^(c 

il:^«(ix>>?>[p]f£ic<h¥±^^?ii)±:^tc:SiJ«9 
# V >y :7"{c S-::^^ ^ T ft S f ^ ci: ^) $ nr I ^ -5 o 

ip-^. mnmm\^::^yvu—)vzL--j x>>?>[hi 
^-~(D^ti\z\^>^\:^fzmnm^^vy^f3^^m^^\^. "J^^ 

[0 0 0 5] ^f^. K^^^P^W^gftSV^yT't-So^ 
[0 0 0 6] 

[^B>^;^j^^<¥PftLcfc3i:-r^illi] b^O^^tc. ±i7eb;^cJ: 
<^trfi> x>i/>c^m;b*5J:DC^g^i^±$-ti:'5<7)tct> 
>ttcc)S#:M'^. j^yyy i'^(D^X'h^y^)yyn(D 
#s:ufc«^, mm'^mzti-^^yf)mm'r^t^E\z^ 50 



2 

mmit^.m^^-DX J y^y ^^i^m ^ l ^.r. mnmmm 

[0 0 0 7] t^oT, ±a!bfcSe*(7)^$g(7)ffiHTtl, 

f^\^y^nmmmzm.'^\^x^<>iL-m:ti^^^f:-^. x>>^ 

[0 0 0 8] *^B^^i. ±M(D^of^'m'^\Zl^^\^XU 

^nrch<Dx\ y y^y^^<Dm±'^^<i:Dm^izmm^n 

[0 0 0 9] 

C02^f6 0J (7) 4 it-l- ^ ;UX > V > CO y ^ > ^PDih 

[0 0 1 0] if3}<:311<D^0^ti. P^^#8^ci:0:/=bL. 

^^t^^^mmmm^m^^2 o^mmi.. y 

^y4->^'^^«^^^tat-^y ^y^ir>it2 7^IStt/!: 

[0 0 11] y ^:/4^>:^'^^4^^5iitciSi:T. r^r^i#0#^ 
o{zLrch(Dx^^. 

[0012] nmm 2 (Dmm\t,. Bmm i <o^0>gfcjpA 

^(DX^^o 
[0 0 13] 

[0 0 1 4] EI2 JC^oO^T^ r^^l [1. SW^^gWj- 

yyycDsmx^^o 

[0 0 15] ±wsx>>^> 1 Tt^, ^<Dyvyy2<Dy 

u >^*?L3 tct°x hy Am^ms^iz^x-^n. z:(d\:: 
xhy4}i:^^^y^m^zmmm^^nxi^^^o ±$^y^j 
>^?L3i^T±fSh°x h>4<h. y^)y^2(Dyvyy 
\^ s ^xm^nrc^m-f)mm^7 ^^n. ±$^y^j 
yy2<D^m^^^±$mM'm, i \zMm-t^mMM^^^ 

^7^y^)yy2 (D9vm\z^m^^^m%m^^f^m g 
^\zmc^mn.^^tm^'y^nx^^^o ±fB^M 

[0016] ±my u >^''\^;; F 5 \z\^m^mm 1 2 
is^t^nrv^^o ^cotij^f^MMi 2^1. ±fsp^m#8ic 
:^A^^-r^p^M;^A$fti 3ch. ±,tm%^9\ztil.^. 

'^r^m%f)h.m4L^^\.. -^n^'nfsgijtc^ia^ 
^>^tt{c^x->#»^si 5{cj:o»ifta*s^n, 
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[0017] ±mmMm. 7 \zmmm^^mts.^.^xy^ i 

[0 0 18] Ell, 2f:i^V^T. ±tSX> v> 1 CDjlfs 

ch^iiL. ±mms[mm^i srmm^ntcmMLmz 

[0 0 19] 'Aiz&mnmx^ ±mmMM7 p^x^m.^)^ 

[0 0 2 0] :k(Dmmnn'T:\ ±tmm.^^.^.'X'^'y^i 

[0 0 2 1 ] 'Ammnmr. ±mmtiAmi 4\z<t 
Dm^comm^mmiztjm^9m^^mi^'^-^^nx. 
$>^-^(Dm^mmB(Dmrzifm^v^m^mm^n. z: 

(Dh^. }iumM'^7xmM\z^r^±\::^r^ii7.ti^. mm. 20 
hvxAimmmm^m\^y')y^'2(Dnmzmn^^^ 

[0 0 2 2] ±.t^m.%^s^^rs/^\^<nmm.^9(D 
mm^mm'^^y>^n(D^^&m i^^yy^n) \zn 
bTpj^(h-r-5^i§i^pt^Rj^^K2 otm^-y^nxy^^ 
-So ^^^Vfm\z\'X. ±M^m.^s(om^mw\A^-'m. 

^^i^hm^^z^WL-^nx^^^^o ^Tz.. ±mnm^9 
(Dm^mmB^-'^izvrc^m. :i(Dmm^9(Dmm^ 30 
0#^^pj^<tT^»^^pja^©2 2f)^±mmm^i.m 
1 4<h^x->#»^si 5 t<Dm\ziftm^nx^^^o 

[0 0 2 3] ^2 IZ^I^X. 2 1 

s^m#^^^s:2 2 ^^^n^nmi'mzmm^^mm 
mm2 4^m^i^^nx^^^o z.(Dmm^W2 4\z\'^. ± 
i2x>v> 1 (Dmmm^^a^-r^j^yi^ymm^iyv- 

[0 0 2 4] ±iB$yp^m2 4ti, xyyymmmn-ih 

m^^m^^Lx^^^o ±tax>v>iHi$£a#i±i^stc 
x,yi^ymm-^y^2 5f}mm^n. T^uyhjimm 
wti^^m^izxay h)imm'^y^2 etjmm-^n. .^.x 
mmmiEmwth^mzf^.xmmm^^^&^^i^x.^.xy'' 
y^i 7^mm^n. mMmjE&wth^^SiizmMmjE^ 
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^mzy y^-ty^2 7 yjmm-^nxi^^o 

[0 0 2 5] :^EIfC^V^T. X>>?> 1 (Djl$cP#T\ C 

It. ±Bmm^^&^^2- 1 tmm^'^^^^^2 2 h 
±Mmwmw2 4f)^^^^'^yzf\z^y)mm'^n 

X. mm.its tm%^9\t^ri^n^(Dm^mmA, b 

n. z.n\z^K^. x>>?>tttg(D[^±7^^^HenTi^'5o 

[0 0 2 6] _hl3y tyi7ir>lt2 7fcJ:t)^^m^ 

2 0 tc J: D , P^m^ 8 ^m%^ 9 

y^-\^nyc^um^n^^o\zt^-DX\^^^. 

[0 0 2 7] SulBL./cfie5($a)tS®T^i, 

y(Di&.m^mMmzj y^y^^i^m^x.Tc.ti'^. ±tB® 

[0 0 2 8] ^UT, ±M\^r^Xo\z. x,yiyy(D^m 
M^mmzj v^y ^^i)m±\^rzL^\z\t.. pj:M^pt^ 
^^\z^y}^m.^(Dmm^nmtimnmm^n^rz^. 
^^xnuxwi%^(Dmm^nmtmri^z,htfs.^. z. 
(DTc^. miiz. z.<Dm^^<Dmm^mmt. 
nm\z9cnr^mm=rmx<r>iim^(Dmm^mm^<D:^ 
''^^yyy''m?^i)m<t^^z.tf)^^. ::cDmm'rmx(D 
mm^±mmxnmx(Dmmzmxt^ z. ^^mm^ 
n. j:oT. z.(DifAm.^mm.(Dm-t^mmxi}m^n^ 
z.Lf)mPi^n^<. 

[0 0 2 9] ^tz. m2iz. ±mLtz<ko\zmim.^(Dm 
m^mm^mn^^. z.(D^&Arrmi^z'i^m-t^f±mnm 

[0 0 3 0] mt>. ±mLrc<ko\z. mm^mmcDm-r 
^Mmxmm'^ti^^Lf)mpi'^n^h^iz. j^mit^^ 
i&-f'^i^^n^^t.x\ ^(Dmi<Dy v^y^(D^±i)m 
m'^n^xo\zu-:>x\^^^. 

[0 0 3 1 ] L;6^L, ALm^^(oimx\t. i&mm^m 
mz^n^j y^y^'(D^±\t.mu^ri^^o\zt^^x 
mmM^-^mxm^-r^ J y^y^^\z-:^^^x\± 
^m.^nx^^^. ^ot: AiU'^^(D^Wix\t. x> 
i>y(D^mmmm\zf^rz^. / y^y^o^m^^^om 
mzmm^-^^±x+^xitr^< . ^mcD^.mm^^n 
Tv^^o ^:ix\ ±m^u^^mmr^rc^. mz. :^ 
(D^oizmf$,^nx\^^^. 

[0 0 3 2] m-^. ±mxyyyi<Dm^nx\ ^(Di& 
mmn^m\zy y^y^^i^m^LTc^^. ±$mmmm 
2 4 (Cct 0 :7 ^ - K A^^y ^ Sijp^n^p^m^pj^^g^ 2 
ItCctO, ±fE®^^8ti, EIl^-'^JM^T^t-J;^ 
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[0 0 3 3] — ±f3x>>?>icD, MmiSM^mz 

[0 0 3 4] _hfB©IP^S2 4lCci:^S-:7^- 

mm^z-D^. mL<wim't^. r^^^ TtHf-s (p - 

1) — (P - 8) &iEI^b;5:t/^7&^\ yp^^Ac^^X-T^ 
[0 0 3 5] X>>^>l(Dtut2Ufcal«^$c»t{C^tt'5 

Sfj?ai'^M2 4<7:)$ir^^c. (p - 1) (Dj y^y^^mmji 

[0 0 3 6] EI 1 •r^"rJ;e){C. y ^y^'\iy'^2 

m$^y y^^mn^^mzj^D. y^^^m^i^ 

^ (P - 2) <, 

[0 0 3 7 ] :kiz. x>^:^>{Hite^ir>-^2 siz^^x, 

^r)x.>zyy\Bi^mmti^'^n^tmz (p - 3) . c 

(p - 4) o 

[0 0 3 8] _hia (p - 4) T> ±mj^yzy>\m$^w^^^ 
x$>^^mm'^nmt. (p - 5) ;6^*sifT$n^o 

[0 0 3 9] ±tS (P - 5) {Z^B^^X. ±IH (P - 4) 
{Cci:^*iJ»rP#fc. ®m#pT^^S2 1 {cJ:-3T®m#8 

^^mt^^m^miz^'Dxmth-^n. -3^0. pj:M^nj 
ii^(Dmmmf)mm\^r^miEmwth^^k^z^DMti!i'^n 

[0 0 4 0] _hfB (P - 5) {Cc];^±SBtiIEfi(7)^tiiM 
(P - 6) o 

[0 0 4 1] ;in^> Ell, 3tCj:0ft^*«ItClftH.^-r^ 

pi^^^2 i\z^K)±$mm.^s(Dmm^mm^^<^Dm 

mmE\z:^^^x. y y ^^mm^m^Ny)m^mmF 
^±\^u<um:i. ±$mjEmwih^mz^K>. mn^^ 
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[0 0 4 2] ^UT> ±mLrz^O\Z. X>>?>l(Z)ig; 

m^^mm\zy y^>^f)m±\^rz^i^{z\t. 

^^g2 1 {Cct OPJ:M^8CDg3r^^P$l^7:/^'@:^$fJffl)E^ 

thu^o z.(Dtz^. w.i\z. z.<Dmm.^s(Dmm^m 

mh. ±M^^xnmz9tn-^^mm.m^x(DW%^9(D 

mm^^m^(J:^^'-^^'yy y^mmGtm<fs.^ z.^f)^ 

e,, z.(Dt}mnmxo)iim^^±nmxrfmx(DmmzM 

ffij ) c 

[0 0 4 3] ^fc. m2{Z. ±BELrc<kolZ^m.^8<D 

mm^mm^mn^^. z,a:)mxnmzmm-r^j±mn 
mxo)mmmti^mmm^m<uD. j:ot> ^&m.(Dj± 

[0 0 4 4] fin-^> ±fBL.7"cJ:'5(c, mm.mm(DmT 
^^mx-mm-^n^^tf)mm'^ri^t^{z. f±mitf)^ 

m'^n^xo\zU'DX\^^^o 
20 [0 0 4 5] mm (p - 4) x^yvymiM 

T^^'Sch^jw^ntitf. (p - 8) f)mfr^n^. 

[0 0 4 6] ±|B (P - 8) {C^l/^T> ±IE (P - 4) 
{Ccfc^*iJ^B#{C, MtB (P - 5) T*ff Ufc(7)<h|Wli;ck 

^(c> pJ^^#pT^^S2 1 cD^fiffl/^^^^Hi^n^o 
±IBx>>^>lcDia3iiSm?^0tfc, JilBX^feffiD^S 

30 pj^^^ 2 1 (D^affi(DSlE«?&^'B9fBffiIE«^Ui^g:t^<^ 

[0 0 4 7] _LtE (p - 8) \z^^±MmiEm(Dm-\hm 

\z^r^. ®:m^pj^#^2 l(D{5:ffl7&^'1iiE$1^-6ti^ 

(P - 6) o 

[0 0 4 8] z.n^. mi. 3\z^'Dx^wmz%^m't 
^ti. mmy v^^mm-^^mz^y) y y^^^mm-^m 

# "J^^l^ 2 1 D -hlBP^m^ 8 (7)l|gfl^B#^;:>^^ci: 0 
[0 0 4 9] ^LT. _htBbfcJ:3tC. X>>^> 1 Oi§ 

^mk2 i\z^r^m.%^s(DWim^mmtmnmmyi'^ 
[0 0 5 0] ip-e>. ±iBu>^cJ:'5tr, m%mxmtmx 

50 ^<i:*{C, ®mfi7&^'^?S:<:^J:^c:<i:-e, ^cT^^O/^y^^ 
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[0 0 5 2] ^UT, ±IB rBl~^3(7)f^fflj tcJ: 

TOO 5 3] ^rz. miiz:^i^r. mtEmm^M2 4iz 

^^vizfsi'DXi^^^o 

[0 0 5 4] C(7)fc(^. x>>?> 1 (Dfg^iSft^^Ptt:: 20 

yy^mmG^^^\zm<f^'DX. mrnvtz ^mi(Di^m} 
mt>. ^m,f)Wmxmm^n^z.t:^^^Dmm 

[0 0 5 5] ^fz. X>>?> 1 c7)iS3iiS:a<^0$T^i. _h 
[0 0 5 6] ±t^:t-/'^^y'ymmG^i$>^D 

<u.Kim^^^^^n^^$>D. z.n{ty y^y^^^m^-^ 

[0 0 5 7] ^:iX\ ±8BbfcJ:-5Jc. iim^9(Dmm 

y^mmc^^^^o izm< rs.^ z. L^m±i^rz(Dx^ D . 

nx. ^A%mi)mm'^nx^Ki. *>ot. jy^y^^(D 
^^t^^K^mmz-^m-^n^o 

[0 0 5 8] t^^. JilBCD«^. G= I , %\^<\t.G< 

nc-rn«, ^-n^y-fmmGi)m<f<i^m^Lf^^ 40 
T. w-mmmvs i)^^^^<fs.'DX/ y^y^*<j^%^m 

[0 0 5 9] tuSSUfcJ^^iC, J y^>^^m.±^U\Zit^ 

^-sy^um-t^^oizi^x^^tz^. m^\t. J y^y 

^^^^U<D J y ^^mt^. Wffll^m2 4rt{CfB1t$n 

fz'^^±MV^)V^JcM^t.. J y ^"mSM-^m^nt^ 

^^2 ^\zmnwmm^tm^t\^. 
[0 0 6 0] mm^nnt^^rnvmn-^ti. yy^^m so 
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30^'$'jfP^^2 4[H\zmm^nrz$>^Tmu^ji^rm^ 
yy^^mm^m^N^^±^D. mm^mm^mM 
^it^-«^mmmm'^m^^2 o^zmMmmm^^m 

[0 0 6 1] z.<DmM. mMmm^Kmvxmomi.x 

±fs±. Tmu^ji^j&mi.rzmizm^'rmi. ?^ 

jEE^it ^ iK^f -5 ct -9 \z ^nmn^z^t: 
\zf^^^ ip-^. :z-y'yy\^m'^u^M^(D^mxmu 

[0 0 6 2] ^UT. :io:;^ffi{3ckti«, ajSx>>5> 

\z^h^xm&(Df^m^nm^m^ c ch;^;>^T^-5o 
[0 0 6 3] ^fc. ±Mmmz^\^^x. yy^y^^(D^ 

^ - H ^ ©J 1® f -5 J: -5 ( C L T ^ ^ o 
[0 0 6 4] Z,Z.X\ m?iU. $>^±miy^)l^^±^^ 

mm(Dyy^y^:^mm^nx. mm^mm:^mMwm 
■^ruzotLfz^^. ^Avpys, 9(Dm^i'^mmz^ 
-Dxit. mm^mm<Dm^mm^^T-t^w.miz^^i^j 
y h^miihi.xu^oz.L^^^^^ti^. 

[0 0 6 5 ] f^ch. ^(Dit-r ^;l/{C:feV^T. ^(D^^ 

co.^.ikmmxit.. wmy y^y^^^c^^it:^^^^^ 

[0 0 6 6] ^ZLX. ±fBC0J:3;^J:«^tC^l^Tfi. 

m±x^^. 

[0 0 6 7] ^fz. x>>?>TtS, ^^^SSKo^cDtf 

i^y y^y^-f^^^^u^jisxTcDM^. m^mmxy-^ 

-i^j^y^mmi.. W.IZ. }^.iKmm'^m'^-r^mn(Dy 
y^y^^'\^mz^^itxy^'-\^/^y^mm't^z.L{z 
jLyz^y^&§,um9j}m(D^mxmin-r^z,h:^^ 
^mx$>^o 

[0 0 6 8] fs.^. iy.±um^(Dm\z^^:^^. miz. y 
y^y^'^m±orzt^\zmMmx^^tmmr^h(D 

<hf^<h> ±fBXn'y h;^B3JS-k>t^2 e^TsP^y 

mmMtti^m-^r^Kxh^^K ^rz. y y^y^^com^ 
\zm-3^. mm.^9<Dmm^mm^m^mm\^^^o 

[0 0 6 9] 

{mm^m^ ^mn\z^^^)]^\^. 'A(Di\\<x^^. 
[0 0 7 0] m^m 1 o:>mm\t.. ^m.^^^ux^ l < 
mmn(oWi m^nm ^ ^ ^ > ^ c^firffl fc^ u t pj^ 

^ y ^y ^ ir > 1t ^ ^ 4 it-r ^ ; ux 
yi>y<ny y^y^^n±MW\z^\^^x. 
[0 0 7 1] y ^y4^>^5g^ttMtc{t;i;T. mk^fb^w 
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[0 0 7 2 ] Z.(Drc^. «?iJA«\ / y^y^'^^WU(D 

[0 0 7 4] z.(Dm^. m^^mm^Kmvxm^mi.x 
[0 0 7 5] ^LT. r©:^ffi{cj:nfd:\ aBx>>?> 

[0 0 7 6] W^JH 2(7)^0^^1, y ^y=^^>^<?)5g*t^?5E 

[0 0 7 7 ] c^i-e. m^^t. $>^±mu^)i^±m^ 
^mo^yy^y^-fyi^a^riT. mm^mm^mnmm 

^n^ohi.rzt^. ^/^)iy*<Dm^i'^mAizj^^x 
mm^mm(Dm^mm^^T'r^i^mz^:^^oy h 

[0 0 7 8] T^ch. ^<7:)t^-r ^;i/(c^i/iT. ^co^^ 30 

[0 0 7 9] ^CT. ±t^(D^oUm'^\Z:Bl^X\t. 
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iKmrn^mf^mm^^z-Liz^D. y y^y^'(Dm±^ 

[0 0 8 0] ^;^c. ^miijX>>?>Ti^. ^«gPp°pCO« 

b # J: *9 #m fS^co / 4^ > ^#i#:r£7J?^^i^:>"r L h 

t^y y=¥>^^:^^$)^u^)iUT(DmM. MMmmxy^ 
-i^z-^y^mmL. }^.ikmm^m'^-r^m.n(Dy 
v^y ^'m^\z^t)^x y^- v ^ wm-^^ zit^xz 

[01] 4it-f ^;KDfTS<h> sm#<^ij!if^. y -j 

[0 3] P5M^<?:)gBM#P#^^^B#e?iJc:^-rE|-efe^o 

[??F^<7Di^HJ] 

1 X>>^> 
8 

9 

2 0 #BflEB0#^«J^^® 
2 1 ®m^pJ^^S 

2 2 

2 4 $»J»i£m 

2 5 X>>?>lHlf^^-tr>it 
2 6 h;UBBjK-fe>1f 

2 7 y^>^ir>-!t 

A Wi^nm 

B M#^FbT 

G -y^-n^-jy^wm 
H ii^H^ 
I itft^Jffli 
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